Respiratory and metabolic changes were studied in twenty normal children during inhalation of 1.5 per cent methoxyflurane or halothane. Both agents caused a significant reduction in pH, and this acidosis was entirely due to a raised Pco 2 . It was calculated that after 30 minutes anaesthesia the approximate arterial tension of methoxyflurane was 0.3 per cent and that of halothane 0.8 per cent. Since the presumed blood concentration of methoxyflurane was about one-third that of halothane and since the two agents caused the same degree of respiratory acidosis, it is suggested that the halogenated ether is approximately three times as potent a respiratory depressant. There was no evidence that either anaesthetic produced metabolic acidosis, standard bicarbonate remaining unaltered.
Methoxyflurane (Penthrane) anaesthesia appears to offer certain advantages for operations in which a relatively bloodless field is required. Adrenaline can be injected with reasonable safety (North and Knox, 1961) , spontaneous arrhythmias are unlikely to occur (Black and Rea, 1964) , and the marked peripheral vasodilatation seen when halothane is inhaled is absent. It has been reported, however, that respiration may be profoundly depressed by this new halogenated ether. Siebecker and co-workers (1961) observed that augmentation of breathing was invariably required, and Hudon (1961) found that minute volume was halved during deep anaesthesia.
It was therefore decided to compare respiratory changes during methoxyflurane and halothane anaesthesia under the same conditions of study. Acid-base measurements were made to determine the extent of any retention of carbon dioxide, and also to ascertain if there was a tendency to metabolic acidosis.
METHODS
Twenty children aged 5 to 13 years were selected for the investigation, and they were divided into two equal groups for the study of the two agents.
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Statistical analysis showed that there was no significant difference in the age or weight in the groups.
Each child received atropine 0.65 mg subcutaneously 30 minutes before the study started. Anaesthesia was induced with 2.5 per cent thiopentone (4 mg/kg), followed by nitrous oxide 75 per cent and oxygen 25 per cent. A Ruben valve was included to make a non-rebreathing system and a Wright ventilation meter, placed on the expiratory limb of the valve, was used throughout the study for the measurement of tidal and minute volumes. The flow of fresh gases was such as to maintain a moderate and constant distension of the reservoir bag at the end of each expiration. A tight-fitting facepiece ensured that all of the expired gases were measured. Control measurements of respiratory rate, tidal volume and minute volume were made after 15 minutes stable nitrous oxide and oxygen anaesthesia, and methoxyflurane or halothane was then administered from the appropriate vaporizer (Pentec or Fluotec), a vapour strength of 1.5 vols per cent being inhaled for 30 minutes. Respiratory measurements were repeated at the conclusion of this period. Respiration was spontaneous at all times during the studies, and the data was collected prior to the commencement of surgery. Measurements of pH, Pco 3 and standard bicarbonate were made from samples of capillary blood, flowing freely from a finger stab. The Astrup interpolation technique was used, pH being determined with a Radiometer 4 meter, and Pco 3 and standard bicarbonate being calculated from the Siggaard Andersen nomogram (Siggaard Andersen et al., 1960) . The blood samples were withdrawn after 15 minutes nitrous oxide and oxygen anaesthesia and again following the inhalation of the volatile anaesthetic for 30 minutes.
Standard statistical methods were used to determine the significance of differences between observations, a difference being considered significant when the P value was less than 0.05.
RESULTS

Respiratory changes.
The main respiratory effects of methoxyflurane and halothane are shown in tables I and II respectively. Methoxyfiurane. The respiratory rate per minute was significantly increased from a control mean of 24.4 ( + 1.13) to 29 (±1.79) (t=2.92; P<0.02). The mean control tidal volume fell from 375 (±36.2) ml to 299 (±39.7) ml, a difference which was significant (t=3.37; P<0.01). In spite of the increase in rate the minute volume was reduced from a mean of 9 (±0.43) l./min to 7.9 (±0.63) l./min, this difference again being a significant one (t = 3.96; P<0.01).
Halothane. In general the changes produced by the administration of halothane were comparable to the above. The rate of breathing increased from 25.4 (±1.67) to 32 (±2.56) b.p.m., this rise being significant (t=4.14; P<0.01). There was a significant reduction in tidal volume from a control mean of 321 (±14.9) ml to 232 (±20.2) ml (t=3.63; P<0.01). The inhalation of halothane produced a significant fall in minute volume from 8.5 (±0.27) l./min to 7.2 (±0.56) (t=3.24; P<0.02). It can be seen that methoxyflurane and halothane had the same effects on the three respiratory parameters measured, namely, an increased respiratory rate and reduction of both tidal and minute volume. Further statistical analysis revealed that the extent of the changes produced by the two agents was not significantly different.
Metabolic changes.
The effects of methoxyflurane and halothane on pH, PcOj, and standard bicarbonate are summarized in tables HI and IV.
Methoxyflurane. There was a significant fall in pH from a control mean of 7.32 (±0.017) to 7.27 (±0.016) (t=4.80; P<0.001). Pco a rose from a mean of 39.1 (±2.44) mm Hg to 55.9 (±3.90) mm Hg, a highly significant difference (t=4.30; P<0.001). Standard bicarbonate remained practically unaltered.
Halothane. The administration of this anaesthetic also caused a significant reduction in pH, control level falling from 7.31 (±0.011) to 7.26 (±0.014) (t=2.95; P<0.02). There was a rise in Pco 2 , from 40.7 (±1.65) mm Hg to 52.6 (±4.15) mm Hg, a significant change (t=2.39; P<0.05). Although there was a slight tendency for the standard bicarbonate to fall during halothane anaesthesia, this was not a significant reduction (t=1.12; P<0.30). Statistical tests showed that the reduction in pH and the increase in Pco a produced by methoxyflurane and halothane were changes of comparable magnitude.
In some of the children studied, for example Nos. 4 and 7 in table III and No. 5 in table IV, a tendency towards metabolic acidosis was noted in the control period, and it is assumed that this was a result of pre-operative fasting. However, each child served as his own control, and the introduction of neither methoxyflurane nor halothane produced any significant change.
DISCUSSION
The results of this investigation show that in the children studied 1.5 per cent methoxyflurane and 1.5 per cent halothane both caused a considerable and comparable degree of respiratory depression. Although the respiratory rate was increased the minute volume fell because of the substantial diminution in tidal volume. A deficit in effective or alveolar ventilation is reflected in the significantly elevated Pco a levels. Tomlin (1963) also noted an increased rate of respiration during methoxyflurane anaesthesia in subjects who received atropine as the sole premedicant drug. Studies made in the dog, however, reveal a species variation, Siebecker and his associates (1961) observing that the respiratory rate was reduced from 24 to 8 b.pjn. Although other clinical reports refer to an unchanged frequency of breathing (Artusio et al., 1960; Wasmuth et al., 1960; Siebecker et al., 1961) , the absence of tachypnoea may well have been due to the administration of opiates prior to anaesthesia.
It is of interest that Tomlin found only slightly raised Pco a levels during the inhalation of methoxyflurane. He concluded from his data that, in the absence of narcotic medication, any respiratory depressant effect was largely counteracted by the associated tachypnoea. In die present study, however, there was a decrease in both tidal and minute volume with a significant degree of respiratory depression, in spite of the increased rate of breathing. The combination of light anaesthesia and surgical stimulation may account for the lack of respiratory depression in Tomlin's subjects and for the discrepancy of data in the two series.
The respiratory changes observed in this study during halothane anaesthesia are of a similar nature to those reported by Devine, Hamilton and Pittinger (1958) .
It is emphasized that the data presented in this investigation were collected when the inhalational agent under study had been administered for only 30 minutes. Although it was felt essential that all measurements should be made in the absence of surgery, it was considered undesirable to extend this period.
The fact that the same concentrations of methoxyflurane and halothane were inhaled for the same length of time and produced the same degree of respiratory acidosis does not necessarily imply that they are equally potent respiratory depressants. Their uptake and distribution characteristics are quite different. The solubility of an anaesthetic in the blood is of great importance in determining how soon equilibrium is established between the concentration of vapour in inspired air and in die blood. Methoxyflurane, which has a blood gas partition coefficient of 13 (Eger and Shargel, 1963) , is a fairly soluble agent and equilibrium is achieved only slowly because the blood can carry away so much vapour from the alveoli. Halothane is a less soluble agent (blood gas partition coefficient 2.4) and the attainment of equilibrium between alveolar air and blood is more rapid than with methoxyflurane as relatively little of the anaesthetic is removed from the alveoli by the blood (Ngai and Papper, 1963) . Mapleson (1963) has computed arterial tension against time for various anaesthetics when they are administered at a fixed inspired concentration. His data shows that the approximate arterial tension of methoxyflurane after 30 minutes anaesthesia is 20 per cent of the inspired tension, and with halothane it is 55 per cent. Thus the arterial tensions of methoxyflurane and halothane in the present study may be calculated as 0.3 and 0.8 respectively, that is, the blood concentration of halothane was almost three times greater than methoxyflurane. As the extent of the respiratory acidosis was comparable, and as the children inhaled 1.5 per cent concentrations of both agents, it seems reasonable to infer that methoxyflurane is about three times as potent a respiratory depressant as halothane.
The results also show that both methoxyflurane and halothane cause a significant reduction in pH and that this acidosis is entirely due to a raised Pco 2 , standard bicarbonate remaining unaltered. Dobkin and Fedoruk (1961) observed a similar picture when comparing the metabolic effects of the two anaesthetics in dogs, the changes in pH, Pco, and standard bicarbonate revealing a progressive respiratory acidosis. They found that there was no significant alteration in these parameters when breathing was augmented. Dobkin and Song (1962) and Tomlin (1963) have demonstrated a trend towards metabolic acidosis during prolonged methoxyflurane anaesthesia in the presence of surgery. However, it is not justifiable to compare their findings with the present study in which anaesthesia was of short duration and the data was collected before operation. Brewster, Bunker and Beecher (1952) established that the reflex release of adrenaline is the main cause of metabolic acidosis during ether anaesthesia, while the work of Millar and Morris (1961) shows that methoxyflurane, like halothane but unlike ether, does not increase the concentrations of circulating catecholamines. The observation that metabolic acidosis is not a feature of methoxyflurane or halothane anaesthesia is in keeping with the sympathoadrenal effects of the two agents. It would thus appear that if respiratory acidosis is avoided or corrected during methoxyflurane or halothane anaesthesia there should be no acid-base imbalance. This substantiates the opinion of Dobkin (1959) that when adequate pulmonary ventilation is provided it is usually possible to maintain acid-base equilibrium with die commonly used inhalational agents.
l'halothane et comme les deux anesthesiques causaient la meme acidose, on en conclut que l'ither halogeni est un d£presseur respiratoire a peu pres trois fois plus puissant. II n'y avait aucun signe indiquant une acidose metabolique provoquee par l'un des agents, les bicarbonates standards restaient invariables. 
